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CHAPTER  I 

INTRODUCTION 

Objectives  (Statement  p£  the  Problem) 

The  objeGtive  of  this  study  is  to  determine  the  effect 
of  the  ipartlcle  size^  mineralogy  and  GhemiGal  composition  of 
recent  marine  carbonate  sediments  oh  their  resistance  to  solu^ 
tion  in  the  ion  pairs  of  sea  water  and  distilled  wateti 

Summary  of  Past  Research 

The  polymorphs  of  calcium  carbonate  to  be  investigated 
in  this  research  are  calcite  and  aragonite.  Seidell  (1940) 
showed  that  the  difference  in  Solubility  between  those  pOly«- 
morphs  is  associated  with  their  difference  in  crystal  form. 

Much  of  the  published  literature  on  the  solubility  Of  car« 
bonates  up  to  the  time  of  Seidell's  work  is  confusing  and 
contradictory  and  is  based  on  insufficient  data  and  little 
control . 

The  most  stable  polymorph  of  calcium  carbonate  is  calcite. 
Calcite  is  known  to  be  more  resistant  to  solution  than  arago^ 
nite;  however,  co-existing  material  or  impurities  in  the  crys¬ 
tal  structures  of  calcium  carbonate  greatly  affects  its  solu¬ 
bility.  Chave  (1954)  and  Kitano  and  Furutsu  (1959)  have  shown 


that  magnesium^  the  major  iffl, purity  in  marine  carbonates^ 
exists  in  the  calcite  crystal  structure  as  a  Solid  Solution 
Series  between  calcite  and  dolomite^  and  that  as  the  mag¬ 
nesium  content  increases  in  the  solid  solution  series^  the 
Solubility  of  calcite  eventually  becomes  greater  than  arago^ 
nitOi  As  magnesium  exists  in  the  calcite  crystal  form  and 
is  incompatible  with  aragonite  (Chave,  1954)^  the  crystal 
form  of  calcium  carbonate,  as  well  as  the  availability  of 
magnesium^  exerts  a  major  control  on  the  solution  of  car¬ 
bonates  in  nature. 

The  majority  of  the  published  resaarchj  in  the  past  two 
decades^  on  the  Stability  of  carbonates  has  been  carried  out 
under  higher  than  normal  temperature  and  pCO^  conditions. 

An  excellent  study  of  the  stability  of  a  few  carbonates  is 
presented  by  Gatrels,  jj.  ji..  (1960),  near  room  temperature 
conditions.  This  study  was,  however,  carried  out  under  One 
atmosphere  pressure  of  CO^  with  the  major  emphasis  placed 
on  changes  in  pH  during  equilibration. 

Other  investigations  on  the  solution  of  carbonates  have 
also  emphasized  pH  changes  (Holland^  et  al . ,  I960;  Weyl,  1961} 
The  effect  of  magnesium  on  the  solution  of  carbonates  in 
natural  samples  and  the  effects  of  solutions  other  than  dis¬ 
tilled  water  have  not  been  investigated. 


CHAPTER  II 


EXPERIMENTAL 


Reagents  Us  ed  In  Exp er Iment al  P r o G_e d U r ej  . 

1)  Buffer  Solution:  Beckman  pH  7  buffer  solution  was 
prepared^ 

2)  Synthetic  Sea  Water:  Solutions  of  the  following  ion 
pairs  Of  sea  water  were  prepared  from  reagent  grade 
chemicals  ^ 


NaCKg/l) 

MgCl2(g/l) 

NaHCO^ (g/1) 

Sodium  Chloride 

23*70 

Magnesium  Chloride 

4*975 

Sodium  Hydrogen 
Carbonate 

0.194 

Sodium  Chloride  + 
Magnesium  Chloride 

23,70 

4,975 

Equipment  Used  in  Experimental  Procedures . 

1)  Electrodes:  Beckman  calomel  electrodes  and  glass 
electrodes  were  used  as  furnished  with  the  "Zeromatio". 

2)  Glassware:  AH  glassware  used  was  of  the  standard 
laboratory  variety  as  no  special  apparatus  was  needed. 
Several  gross  of  250  ml  erlenmeyer  flasks  and  at 


3 


4 


least  a  dozen  long  stem  funnels  and  150  ml  beakers 
were  needed. 

3)  Mortar  and  Pestle:  A  motor  driven  agate  mortar  and 
pestle  was  used  to  reduce  sediment  samples  to  approxl^ 
mately  325  mesh. 

4)  pH  Meter:  A  Beckman  Zeromatic  pH  Meter  was  employed 
to  establish  the  pH  of  the  suspensions. 

5)  Sieves:  U.  S.  Standard  Sieves  of  8,  10^  18^  35^  60^ 
120,  230,  and  325  mesh  were  used  to  subdivide  several 
of  the  sediment  samples. 

6)  Stirrer:  to  aid  the  solution  of  sediment  samples,  a 
magnetic  stirrer  and  teflon  covered  stirring  bar  were 
used. 

7)  Stoppers:  Cotton,  covered  with  cotton  gauze,  stoppers 
were  used  to  permit  the  experiment  to  be  conducted 
open  to  the  atmosphere. 

Natural  Carbonate  Samples  Used.  The  natural  carbonate  samples 
used  In  this  study  were  collected  on  and  about  the  reefs  on 
the  Campeche  Bank  In  the  Gulf  of  Mexico.  The  samples  Include: 

#1  -  Montas trea  annularis  plus  encrusting  foraminifera 

2  Coral  and  shell  sand  from  Alacran  Beef 

3  =  Montastrea  annularis 

4  Bottom  sediment 


\ 
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5  «  .S_tr6jnbus  glgas  Linne^ 

6F  ^  Lue t fta  peasylvanlca  Llnne^  (fresh  aiid  unweatheted) 

6W  -  Lug  1  na  ,p e n s y  1  y a nj. e a  Llnne^  (worn  and  weafeher-ed) 

7  ^  Glvcviner Is  pecfe laata  Gme  1  i n 
13  “  Boeeom  sedlmenr  eonCaining  algal  (nateriali 
Sample  numbers  1  and  3  were  collected  by  Dr.  Brian  Logan 
on  Camipeche  Bank  in  the  Gulf  of  Mexico.  Sample  numbers  2^  5, 

6F,  6W^  and  7  were  Gollected  on  cruise  61^H»5  at  Isla  Desertora, 
Alacran  Reef,  Campeche  Bank,  in  the  Gulf  of  Mexico ^  Sample 
numbers  4  and  13  were  bottom  samples  collected  off  the  Campeche 
Bank  on  cruise  59-^H«-7. 

Sample  numbers  2,  4,  and  13  were  subdivided  by  sieving 
into  10,  18,  35,  60,  120,  230,  and  pass  230  mesh  fractions. 
Sample  number  13  was  further  subdivided  into  1/2",  3/8", 

1/4",  and  8  mesh  ftactions.  See  Table  1. 


table  1 

Size  Analyses 


Mes  hi-/ 
per  inch 

Diameter 

mni 

S  amp  1 e  #2 
% 

Sample  #4 
% 

Sample  #13 
% 

10 

>2 

4.92 

61.1 

73,1 

18 

U2 

4.85 

3,82 

16.4 

35 

l/2-,l 

7  5,5 

11,5 

8.32 

60 

l/4-,l/2 

14.5 

11,9 

1.10 

120 

1/8-1/4 

0.22 

5.94 

0.27 

2  30 

1/16=1/8 

trace 

4.61 

0.41 

<230 

<1/16 

-  .  •  -  • 

1.00 

0.44 

s, 


Standard  Sieve  Sizes 
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Each  of  Che  above  samples  of  ffactiohS  Of  a  sample  wefe 
Spile  and  a  pofclon  ground  in  an  agate  moftar  and  pestle  for 
two  hours.  The  ground  portions  were  used  for  the  determina'* 
tion  of  the  and  Mg^^  In  each  sample^  and  also  for  the 

solution  experiments. 

A  summary  of  the  analyses  of  the  recent  marine  carbonate 
sediments  used  in  this  study  may  be  found  In  Tables  3^  and 
4.  Table  2  shows  the  percentage  of  CaCO^  and  MgCO^  present 
In  each  of  the  unground  natural  sediment  samples . 


TABLE  2 

Ca^^  and  Mg^*  Content  of  Unground  Natural 

2  / 

Carbonate  Sediments*^' 


Sample  # 
Mesh  Size 

% 

CaCO^ 

% 

MgGO^ 

Samp  1  e 

Mesh  Size 

X 

CaCOj 

X-'' 

MgCOj 

2^18  X 

94.50 

4.39 

4-18  X 

90.27 

6.  90 

2^35  X 

93,82 

2.03 

4-35  X 

91.96 

5,27 

2«^0  X 

93,48 

2.28 

4-60  X 

95.57 

2.91 

4.10  X 

90.16 

6.09 

4-230  X 

94.07 

2.28 

Table  3  reports  the  percentage  of  CaCO^  and  MgCO^  present 
In  each  of  the  ground  sediment  samples.  All  analyses  are 
reported  by  mesh  size  fractions  whether  it  has  undergone 
grinding  or  not. 


2  / 

^-Average  of  three  analyses 
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A  eoinparlsdn  between  Tables  2  and  3  Indicate  different 
values  of  MgCO^  content  exist  for  ground  and  unground  samples 
of  the  same  size  fraction^  It  Is  felt  that  this  difference 
Is  due  to  the  heterogeneous  nature  of  the  sample.  Binocular 
examination  of  the  samples  reveal  a  number  of  echlnoid  spines 
which  are  known  to  be  very  high  In  magnesium.  It  Is  felt 
that  the  ground  sample  gives  a  better  indication  of  the 
average  HgCd^  present  In  each  size  fraction  of  each  sample. 
This  Suggestion  Is  borne  out  as  the  difference  in  MgCO^  con^ 
tent  decreases  with  decreasing  sediment  size. 


TABLE  3 

Ca  and  Mg  Content  of  Ground  Natural 
Carbonate  Sediments'^/ 


S  amp  1 e  t 
Mesh  Size 

7, 

CaCOj 

% 

MgCOj 

s  amp  1 e  # 
Mesh  Size 

7. 

CaCO^ 

"  % 
MgCOj 

1 

87.32 

6,95 

5 

96.23 

0,00 

2^18 

93  39 

2.87 

6F 

97.76 

0.00 

2-35 

93,02 

2.72 

6W 

96.66 

O.QO 

2-60 

92.64 

2. 93 

7 

96.12 

0.00 

3 

95,19 

0.00 

13-1/2" 

84.38 

9.90 

1 

o 

90,16 

6.09 

13=3/8" 

84.88 

9.52 

4-18 

89.70 

6.53 

13-1/4" 

85,57 

12.1 

4-35 

91.25 

5.36 

13  =  8 

85.13 

12,0 

4-60 

93.34 

3,39 

13  =  18 

85.23 

11.8 

4-230 

94.07 

2.28 

3  / 

^'Average  of  two  analyses 


Table  4  shows  the  mlneraloglcal  composition  of  the 
samples  as  determined  by  X-ray  diffraGtioni  X-ray  analyses 
of  sample  number  4  at  the  onset  of  grinding  and  after  2 
hours  of  grinding  show  no  significant  alteration  of  calcite 
to  aragonite^ 


TABLE  4 

Mineralogical  Composition  of  Ground  Natural 
Carbonate  Sediments 


Sample  # 

% 

% 

S  amp  1 e  # 

7. 

% 

Mesh  Size 

Araeonite  Calcite  Mesh  Size  Aragonite 

Calcite 

1 

53 

47 

4-120 

$2 

13 

2-18 

95 

5 

4-120-^/ 

87 

13 

2-35 

97 

3 

4-230 

84 

16 

2-60 

95 

5 

5 

lOO 

-- 

3 

lOO 

-  - 

6F 

100 

o 

1 

74 

26 

6W 

100 

4-10^"^ 

74 

26 

7 

100 

-- 

4-18 

70 

30 

13-1/2" 

31 

69 

4-18-^/ 

71 

29 

13-3/8" 

32 

68 

4-35 

72 

28 

13-1/4" 

34 

66 

4-35^./ 

72 

28 

13-8 

31 

69 

4-60 

86 

14 

13-10 

41 

59 

4-60^/ 

86 

14 

13-18 

43 

57 

Lowenstam  (1954) 

assigns  a  rather  large 

error, 

tlO  per 

cent,  to 

the  analysis 

of 

calcite  i  aragonite 

ratios 

,  The 

relationship  between 

the 

percentages  of  MgCO 

and  aragonite 

-^^Mineralogical  composition  at  the  onset  of  the  grinding 
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in  Che  sedlinenC  samples  is  shown  in  Figure  It  As  the  pec« 
Gentage  of  aragonice  increases  in  Che  samples,  less  MgCO^ 
is  founds  this  can  be  easily  explained  as  Che  HgCO^  is 
found  as  a  calclce  type  structure,  being  present  in  a  solid 
solution  series  between  calcite  and  dolomite,  and  the  per^ 
centage  of  MgCO^  present  would  decrease  as  the  ratio  of 
calcite  to  aragonite  decreases. 

Solution  Experiment . 

Introduction . 

In  order  to  measure  the  resistance  of  recent  natural 
marine  carbonate  sediments  to  solution,  sediment  samples 
were  Suspended  in  various  salt  solutions  and  after  a  number 
of  months,  the  amount  of  calcium  and  magnesium  given  up  to 
the  solution  Was  determined.  the  degree  of  solution  of  each 
sample  in  the  Various  salt  solutions  was  then  related  to 
sample  Composition,  mineralogy,  and  the  particle  sisei 


Procedure . 

Five  0.5  gram  samples  of  each  of  the  sediment  fractions 
listed  in  Tables  2  and  3  were  weighed  out  on  glazed  weighing 
paper,  folded,  and  set  aside.  One-hundred  milliliters  of 
distilled  water  were  pipetted  into  a  250  ml  beaker,  placed 
on  a  magnetic  stirrer,  and  after  the  stirring  bar  was  added, 
the  pH  was  recorded.  Then  a  0.5  gram  sample  of  a  sediment 
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FIGURE  1 

The  Relttionshlp  Between  Aragonite  and  MgCO^  In  ReGent 
Marine  Carbonate  Sediment  Samples 
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was  added  and  the  change  in  pH  recorded  continuously  for 
about  lO  to  IS  minutes «  The  suspension  was  then  transferred 
to  a  250  ml  erlenmeyer  flask  and  Stoppered  with  cOtt^on  and 
gauzei  This  procedure  was  repeated  until  one  OiS  gram  sample 
of  each  sediment  sample  was  placed  in  distilled  water  and 
the  pH  measurements  recorded  continuously. 

The  process  Was  then  repeated  fOr  ^he  NaCl^  MgCT^^ 

Nacl  ^  MgCl^j  and  NaHCd^  ion  pairs  of  synthetic  sea  water. 

The  solution  experiments  for  each  sediment  sample  were  not 
run  in  duplicate^  however,  the  analyses  for  Ca^^  and  Mg^^ 
were  the  average  of  two  determinations  each.  Duplicate 
blanks  of  each  solution^  minus  the  sediment  sample,  were 
also  prepared. 

The  pH  of  each  suspension  was  recorded  after  1;  2,  3, 

4,  and  10  weeks,  and  at  the  end  of  the  experiment.  the  pH 
results  are  given  In  Appendix  111. 

After  the  final  pH  was  recorded,  the  solution  was 
analyzed  for  dissolved  Ca**  and  Mg**,  using  the  procedure 
given  In  Appendix  T,  Fart  F.  The  results  of  these  analyses 
are  given  in  Appendix  IT. 


RESULTS  AND  DISCUSSION 


NaHCO^  Solution  Expetilnent 

The  amounts  of  Ca^^  and  dissolved  out  of  the  marine 

oarbonate  sediments  in  NaHCO^  are  recorded  in  Appendix  II^ 
Table  1.  These  analyses  were  obtained  after  the  sediments 
had  been  in  contact  with  the  NaHCO^  solution  for  eight  months. 
Figure  2  relates  the  dissolved  amounts  of  ca  and  Hg  in 
millimoles  to  the  percentage  of  MgCO^  in  the  sediments. 

From  Figure  1,  it  is  evident  that  little  change  occurs 
in  the  amount  of  dissolved  averaging  about  0.15  milli*^ 

moles  per  liter^  from  the  ground  sediment  samples  regardless 
of  iigCO^  content.  the  amount  of  dissolved  Mg^^,  On  the  other 
hand^  increases  With  increasing  HgCO^  content  only  to  begin 
to  level  off  around  0,6  millimoles  per  liter  at  higher  MgCO^ 
percentages.  The  amount  of  dissolved  Ca^^  from  unground  sedi'<' 
ments  is  also  about  0.15  millimoles  per  liter;  however^  no 
dissolved  Mg"”"  is  found  in  solution, 

Figure  d  indieates  that  the  carbonate  alkalinity^  of 
the  solution  of  ground  sediment  samples  in  NaHCO^  is  2  to  3 


i/carbonate  alkalinity  “  the  HGO3  plus  CO5  contributed  to  the 
solution  by  the  dissolving  CaC03  and  MgCQ^. 


C.A.  = 


'ncoj  * 


gQ=  (expressed  as  equivalents) 
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FIGURE  2 

Dissolved  and  in  0.0023  M  NaRCO^  With  Respect 

to  Percent  MgCO^  in  Seditnent  Samples 

LEGEND 

•  Dissolved  Ga^^  from  ground  marine 
carbonate  sediment  samples 

B Dissolved  Ca^^  from  unground  marine 
carbonate  sediment  Samples 

O Dissolved  Mg*^  from  ground  marine 
carbonate  sediment  samples 

□  Dissolved  Mg^^  from  unground  marine 
carbonate  sediment  samples 


FIGURE  3 

Dissolved  Ga^^  and  Kg^^  in  Distilled  Water  with  Respect 
to  Percent  MgCO^  in  Sediment  Samples 


LEGEND 

•  Dissolved  Ga'*’'''  from  ground  marine 
carbonate  sediment  samples 

B  Dissolved  Ga^^  from  unground  marine 
carbonate  sediment  samples 

O  Dissolved  Mg’'"^  from  ground  marine 
carbonate  sediment  samples 

P  Dissolved  Mg^^  from  unground  marine 
carbonate  sediment  samples 
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%  MgCOs 
IN  THE  SAMPLE 


times  thet  of  the  unground  carbonate  sediments^  and  approaches 
a  constant  value  at  the  higher  percentages  of  Hgco^. 

Figure  5  indicates  that  the  carbonate  ion  concentration 
resulting  from  the  solution  of  ground  carbonate  samples  in 
NaHCO^  solution  is  not  leveling  off  with  greater  percentages 
of  HgCO^  present  in  the  samples >  Zn  NaHcO^  solution^  the 
ion  products  of  [Ca^^j  [GOj]  and  [Mg^^]  change  very 

little  as  MgCO^  increases  in  the  sample  (Figure  6). 

The  indication  from  Figure  2  is  that  Mg^^  may  have  some 
influence  on  the  solubility  of  CaCO^  in  ground  carbonate  sedia 
ments.  The  solubility  of  Ca^^  from  aragonite  and  magnesium 
calclte  appears  the  same  regardless  of  the  amount  of  dissolved 
Mg  preseiat;. 

The  Situation  with  regard  to  the  coarse,  unground  car¬ 
bonate  sediments  is  more  complex.  Magnesium  from  the  coarse 
Sediments  is  not  going  into  Solution  (Figure  2).  The  reason 
for  this  is  not  known  With  certainty;  however,  there  are  2  pos 
sible  explanations. 

The  first  explanation  is  derived  from  the  fact  that  the 
sediments  were  washed  prior  to  any  subdivision  or  grinding. 
During  the  removal  of  the  sea  salts  from  the  sediment  surfaces 
by  distilled  water,  it  is  possible  that  the  limited  amount 
of  Mg^^  at  the  surface  was  removed.  Subsequent  solution  of 
the  unground  sediment  samples  would  result  in  lower  dissolved 


FIGURE  S 


GarbdnaCe  Ion  GonGentration  of  the  SolUEion  of  Seiiment 
Samples  with  Respect  to  Fercent  MgGOj 
in  Sediment  Samples* 


LEGEND 

A[GOj]  of  dissolved  marine  Garbonate 
^sediment  samples  in  NaHGO^ 

O[G0"l  of  dissolved  marine  carbonate 

sediment  samples  in  distilled  water 

□  [COj]  dissolved  marine  carbonate 
'Sediment  samples  in  NaGl 

XiCOj]  of  dissolved  marine  carbonate 
^sediment  samples  in  MgGl^ 

+iGO^]  of  dissolved  marine  carbonate 
■’sediment  samples  in  NaGl  +  MgGl2 


*See  Appendix  II,  Tables  6  and  7 


FIGURE  6 


Ion  Ptoducts  of  the  Solution  of  Sediment  Samples 
in  NaHGO^,  Distilled  Watetj  and  NaGl  with  Respect 
to  Percent  HgGO^  in  Sediment  Samples* 


LEGEND 


A  ica""^] 

O  [Ca”"^] 


[Go"]  of  'lissolved  marine  carbonat’ 
sediment  samples  in  NaHGO^ 

'GO^]  of  dissolved  marine  carbonate 
■^se  iment  samples  in  NaHGO^ 

■^GO^]  of  dissolved  marine  carb  >nat^ 

"^Sediment  samples  in  distilled  vater 


#  LGOj]  of  dissolved  marine  tarbonate 
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■  [Mg  ]  CO^  I  o  *'  dissolved  marine  carbonate 
'bediment  samples  In  NaGl 


*See  Appenuix  II,  Tables  6  and  7 
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Mg  values  thau  for  ground  samples,  It  is  further  suggested 
that  the  washing  Would  not  remove  all  available  surface  Ca 
as  the  samples  are  composed  of  88  percent  plus  CaCO^,  No 
change  in  dissolved  Ca^^  would  therefore  be  expected. 

The  second  explanation  stems  from  the  possibility  that 
In  the  marine  environment >  the  sediments,  or  actually  the 
sediment  surfaces,  are  In  equilibrium  with  sea  water.  Upon 
solution  in  NaHCO^,  an  "equilibrium  shift"  results  in  the 
observed  value  of  dissolved  Ga^*  and  Mg^*,  The  inner  parts 
of  the  sediments  are  not  in  equilibrium  with  sea  water  and 
grinding  exposed  a  great  number  of  these  surfaces,  There^* 
fore,  upon  solution  of  the  ground  sediments^  different  values 
of  dissolved  Ca  and  Mg  result. 

Figure  4  indicates  that  the  carbonate  alkalinity  for 
the  ground  carbonate  samples  in  NaHCO^  is  2  times  greater 
than  for  the  unground  sediment  samples  when  more  than  2  per¬ 
cent  MgCP^  is  in  the  sediment  Sample.  This  also  may  be  due 
to  washing  the  sediments,  as  00^  and  HCO^  from  the  dissolving 
MgCO^  of  the  unground  sediments  would  be  lost  to’  the  distilled 
water  wash. 

The  carbonate  alkalinity  resulting  from  the  solution 
of  the  ground  samples  approaches  constancy  with  increasing 
MgCO^  content  in  the  sediment,  indicating  that  additional 
HGQ^  and  CO^  ions  are  not  going  in  solution  (Figure  4), 
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The  [COiJ-^/  of  ehe  soltiCion,  which  ^akes  and  pH  ineo  Gon  = 
sideration^  may  be  approaching  a  conscane  value  (Figure  5). 
This  value  gives  some  indication  as  to  the  status  of  equi^ 
librium;  however^  only  the  ion  product  attaining  a  constant 
value  will  tell  whether  equilibrium  is  reached.  In  the  case 
of  NaHCO^,  CaGdj  equilibrium  is  approaGhed  in  eight  months 
by  Sediments  with  high  HgCO^  content  (Figure  6);  however, 
MgCO^  equilibrium  is  not  yet  reached  as  indicated  by  the 
increasing  [Mg^^j  [CO"]  ion  product. 


Distilled  Water  Solution  Experiment 


The  amounts  of  Ca  and  Mg  dissolved  out  of  the  marine 
carbonate  sediments  in  distilled  water  are  recorded  in 
Appendix  11,  Table  2,  These  analyses  were  obtained  after 
the  sediments  were  in  contact  with  distilled  water  lor  six 
months,  Figure  3  relates  the  dissolved  amounts  Of  Ca^^  and 
Mg^^  in  millimples  to  the  percentage  of  MgCO^  in  the  sedi-! 
ment  samples. 

The  dissolved  amounts  of  Qa^^  from  the  ground  sediment 
samples  increase  from  0.43  to  0,35  millimoles  per  liter  with 
increasing  MgCO^.  The  dissolved  amounts  of  Mg^^,  meanwhile, 
increase  from  0  to  almost  1  millimole,  and  there  is  only 


i/ 


p  i  [C.A. 


*  2K^ 
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a  slighe  suggestion  that  it  is  beginning  to  level  off  for 
the  saine  ground  sediiaent  samples. 

GOinparing  Figures  2  and  3>  it  is  Observed  that  for  the 
ground  saifiples^  the  dissolved  Ga^^  is  greater  in  distilled 
water  (0.6  mM/i.)  than  in  NaHGOj  (0.2  ttiM/L)  .  Likewise^  the 
dissolved  Mg  has  reached  almost  1  millimole  per  liter  in 
distilled  water  while  reaching  only  0.6  millimoles  per  liter 
in  NaHGd^. 

Figure  4  indicates  that  the  Garbonate  alkalinity  for 
ground  samples  in  distilled  water  is  50  percent  higher  than 
the  carbonate  alkalinity  for  unground  sediment  samples  in 
distilled  water.  For  ground  sediment  samples  in  distilled 
water,  the  carbonate  alkalinity  (Figure  4)  and  the  earbonate 
ion  concentration  (Figure  5)  are  both  steadily  increasing 
With  greater  perGentages  of  MgGO^  present.  The  ion  products 
of  [Ca  [CO"]  and  [Mg^^j  [GOj]  also  continue  to  increase 
with  higher  percentages  of  MgCO^  in  the  sediment  for  the 
distilled  water  solution  experiment  (Figure  6). 

Figure  3  is  interpreted  as  indicating  that  the  Mg*^ 
in  the  ground  samples  has  influenced  the  solubility  of  Ca** 
dissolving  from  calcite.  This  has  resulted  in  there  being 
a  slight  increase  in  the  solubility  of  calcite  over  aragonite. 
The  fact  that  a  considerable  amount  of  the  calcite  is  dis^ 
solving  is  indicated  by  the  rapidly  increasing  amounts  of 
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going  into  solutioni  The  absolute  value  Of  Ga  ^  dis¬ 
solved  appears  to  increase  slightly  with  increasing  MgCO^ 
in  the  sedimenti  The  presence  of  Mg^^  has  increased  the 
Overall  solubility  Of  calcite  in  natural  tnarine  carbonates^ 
The  interpretation  of  the  dissolved  Ga^^  and  Mg  ^  from 

the  unground  carbonate  sediments  is  more  complex.  The  indi- 

-  -  -  .  -  ++  ... 

cation  from  Figure  3  is  that  the  Mg  dissolved  from  unground 

sediments  is  depressed^  and  the  Ga  dissolved  is  increased. 
Two  possible  explanations  have  been  outlined  in  the  previous 
section. 


The  first  explanation^  derived  from  the  washing  history 
of  the  coarse  sediment  samples  after  removal  from  the  marine 
environment,  does  explain  the  low  values  of  dissolved  Mg*^ 
from  unground  sediment  samples.  From  this  explanation  the 
value  of  dissolved  Ca^"*^  is  not  expected  to  change  from  ground 
to  Unground  sediment  samples j  however,  Figure  3  indicates 
that  the  dissolved  Ga  from  unground  sediments  is  0,1  to 
0.2  millimoles  per  liter  greater  than  dissolved  Oa  ^  from 
ground  sediment  samples.  This  is  reasonable  when  the  chemistry 
of  the  GO2  system  is  taken  into  consideration. 

The  CQ2  system  can  be  represented  by  the  following: 

CO2  +  +  ^GO' 


^  GaCOg 
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in  distilled  vatet,  the  CO^  systetn  is  established  upon  the 
solution  of  GaCO^  and  a  speoifio  GarbOnate  alkalinity  is 
maintained.  In  the  case  of  the  ground  samples^  COi  and 
HGO^  is  contributed  to  the  solution  through  dissolving  GaGO^ 
and  MgGO^i  For  the  ungtound  samples,  however,  less  MgGO^ 
is  available  for  solution  which  results  in  more  GaGO^  dis¬ 
solving  to  make  up  the  GO|  deficiency. 

The  second  explanation  suggesting  an  "equilibrium  shift" 
could  result  in  decreased  Mg^^  solution  and  increased  Ga^^ 
solution. 

The  differences  in  solution  between  distilled  water 
and  NaHGO^  can  be  attributed  to  the  common  ion  effect  in 
the  NaMCOj  solution.  At  pH  values  of  around  8,  the  major 
contributing  ion  in  the  GO^  system  is  HGO”,  and  the  Goncenip 
tration  of  GO|  present  will  therefore  depend  upon  the  HCP’ 
cpncentratlon.  As  CaGP^  is  added  to  NaHGO^,  the  system  will 
establish  equilibrium  with  less  carbonate  from  GaCO^,  as 
G0|  is  already  present  from  the  dissolved  NaHCO^.  For  this 
reason,  Ca^^  and  are  dissolved  more  readily  in  distilled 

water  than  NaHCO^. 

The  steady  increase  in  carbonate  alkalinity  with  higher 
percentages  of  MgGO^  in  the  sample  for  ground  sediment  samples 
indicates  that  more  HCO^  and  GQ^  are  being  added  to  the  dis¬ 
tilled  water,  when  pH  and  are  taken  into  consideration, 
as  shown  by  Figure  5, 
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The  changing  [Ca^^j  [GO"]  and  [Mg^^]  [GO“],  ion  produces 
in  disCilled  water  Indicate  that  equilibrium  is  not  yet 
r cached j  although  the  [Ca^^}  [GO^]  ion  product  appears  to 
be  much  closer  to  attaining  it  (Figure  6). 

NaGl  Solution  Experiment 

The  amounts  of  Ga^*  and  Mg^^  dissolved  out  of  the  marine 
carbonate  sediments  in  NaGl  are  recorded  in  Appendix  Ti^ 

Table  3.  These  analyses  were  obtained  after  the  sediments 
were  in  contact  with  NaGl  for  3  months.  Figure  7  relates 
the  dissolved  amounts  of  Ga*^  and  Mg^^  in  millimoles  to  the 
percentage  of  HgGQ^  in  the  sediment  samples. 

From  Figure  i ,  it  can  be  seen  that  the  dissolved  amounts 
of  Ga^^  from  the  ground  sediment  samples  are  relatively  con-^ 
stant^  averaging  between  0.9  and  1.0  millimoles  per  liter 
regardless  of  the  MgCO^  contents  The  dissolved  amounts  of 
Hg^^,  however^  increase  rapidly  at  first,  and  begin  to  level 
off  around  1,2  millimoles  per  liter  at  higher  MgCO^  contents, 
The  dissolved  amounts  of  Mg^^  for  unground  sediment  samples 
average  about  0,1  millimoles  per  liter,  and  Ca^^  about 
1,5§  millimoles  per  liter  (Figure  7), 

The  dissolved  Ca^^  and  Mg^^  for  ground  samples  in  NaGl 

+  +  +  + 

are  greater  than  the  dissolved  Ca  and  Mg  for  ground 
samples  in  distilled  water  (Figures  3  and  7), 
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FIGURE  7 

Dissolved  and  in  0,405  M  NaCl  with  ReSpeet 

to  Percent  MgCO^  In  Sediment  Samples 

LEGENO 

9  Dissolved  Ca  from  ground  marine 
carbonate  sediment  samples 

■  Dissolved  Ca  frOm  unground  marine 
carbonate  sediment  samples 

O  Dissolved  Mg^^  from  ground  marine 
carbonate  sediment  samples 

□  Dissolved  Mg'*^''*  from  unground  marine 
carbonate  sediment  samples 


The  carbonate  alkalinity  for  the  ground  satnples  in  NaCl 
is  somewhat  higher  than  for  the  unground  carbonate  samples 
with  some  indication  of  leveling  off  at  higher  percentages 
of  MgCO^  (Figure  4). 

Figure  5  shows  the  carbonate  ion  concentration  for  NaCl 
to  be  quite  high  with  the  absolute  value  not  yet  approaching 
cons  tancy i 

Figure  6  indicates  that  the  [Ca^^]  [CO"]  ion  product 
for  the  NaCl  solution  experiment  may  be  beginning  to  level 
off;  however,  the  tHg^^j  tCO"]  ion  product  is  still  rapidly 
increasing  at  almost  a  linear  rate. 

A  considerable  amount  of  calcite  is  dissolving  as  indi^ 
cated  by  the  rapidly  Increasing  Mg^*  in  solution  (Figure  7). 
Much  of  the  dissolved  Ca^^  must  therefore  come  from  the  cal« 
cite  present  in  the  Carbonate  samples.  The  absolute  value 
of  Ca^^  dissolved  appears  to  be  little  Changed  by  increasing 
Mg^*,  suggesting  that  there  is  little  difference  in  the  solu 
bility  of  aragonite  and  the  magnesium  calcite  present  in 
NaCl  solution.  Seidell  (1940)  reports  that  aragonite  is 
somewhat  more  soluble  than  calcite  in  NaCl.  The  indication 
is,  then^  that  Mg^^  does  influence  the  solubility  of  CaCO^ 
as  seen  in  Figure  7. 

Figure  7  indicates  that  between  1.5  and  1.6  millimoles 
per  liter  of  Ca^^  dissolved  from  unground  natural  size 


sediments,  whereas  only  ahout  1  millimole  per  liter  Of  Ca^^ 
dissolves  from  the  ground  sediments^  Likewise,  only  a  very 
small  amount  of  dissolves  from  the  unground  sediments, 

about  Oil  millimoles  per  liter.  Whereas  from  OiS  to  1:2  milll 
moles  per  liter  of  Mg^^  dissolves  from  the  ground  sediments 
(Figure  7):  the  reason  for  these  differences  again  is  not 
known  with  absolute  certainty;  however,  there  are  2  possible 
explanations,  one  involving  washing  history,  and  the  other 
involving  equilibrium,  both  of  which  have  been  previously 
outlined  under  the  distilled  water  discussion. 

the  Increa  in  the  solubility  of  CaCO^  by  alkali 
chlorides  have  long  been  recognized  (Seidell,  194()).  this 
has  been  reaffirmed  in  the  present  study;  however,  it  is 
difficult  to  say  whether  the  solution  of  Mg^^  is  ultimately 
greater  or  less  in  NaCl  than  in  distilled  water.  A  compari^ 
son  between  Figures  3  and  7  indicates  that  at  10  to  12  per-¬ 
cent  MgCO^  in  the  sample,  1.2  millimoles  per  liter  of  Mg^^ 
are  dissolved  in  the  NaCl  solution  compared  to  just  under 
1  millimole  per  liter  of  Hg^^  present  in  distilled  water. 

The  carbonate  alkalinity  plot  (Figure  4)  for  ground 
sediment  samples  in  NaCl  indicates  that  the  total  HCO^  and 
CO|  content  of  the  solution  is  not  yet  beginning  to  show 
signs  of  leveling  off  at  high  percentages  of  MgCO^,  The 
carbonate  ion  concentration  in  the  NaCl  solution,  from 
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Figure  5>  Is  Gonrlnuing  Ed  rise  as  HgCO^  InGreases  in  the 
sediriients^  The  latter  value  takes  into  acGount  any  pH  dif^* 
ferenGe  as  it  was  previously  seen. 

Figure  6  indicates,  nowever,  that  the  [Mg^^]  [GO?]  ion 
product  is  still  rapidly  increasing  at  12  percent  HgCO^ . 

Tbe  [Ca^"*"]  [ GO| ]  ion  product  on  the  other  hand,  may  be 
approaching  equilibrium  with  increasing  MgCO^t  It  is  evi¬ 
dent  that  NaCl  does  fsvor  the  solution  of  Hg^^,  and  the  dis¬ 
solved  Mg^^  does  not  approach  equilibrium  in  the  Nacl  solution 
(Figure  6) i 


MgGl^  Solution  Experiment 

The  amounts  of  Ca^*  and  Mg^*  dissolved  out  of  the  marine 
Garbonate  sediments  in  MgCl^  are  recorded  in  Appendix  it, 

Table  4.  These  analyses  were  obtained  after  the  sediments 
were  in  contact  with  HgCl^  for  eight  months.  Figure  8  relates 
the  dissolved  amounts  of  Ca  and  Mg  in  millimoles  to  the 
percentage  of  MgCO^  in  the  sediments. 

From  Appendix  li,  Table  4,  it  is  evident  that  something 
unusual  is  taking  place.  The  Mg^*  content  of  the  MgCl^  Solu^ 
tion  is  not  increased  by  either  the  dissolving  ground  or 
unground  samples. 

The  dissolved  amount  of  Ca**  from  the  ground  sediment 
samples  is  relatively  constant  for  those  carbonate  samples 


FIGURE  8 

Dissolved  In  MgCl^  and  NaCl  +  MgCl^  wieh  RespeGe 

to  Peteent  MgCO^  in  Sediment  Samples 

and 

Carbonate  Alkalinity  Resulting  from  the  Solution 
of  Sediment  Samples  in  HgCl^  and  NaCl  *  MgCl^ 
with  Respect  to  Percent  HgCO^ 
in  Sediment  Samples* 

LEGEND 

•  Dissolved  Ca^^  from  ground  marine  carbonate 
sediment  samples  in  MgCl^ 

O  Dissolved  Ca^^  from  unground  marine  carbonate 
sediment  samples  in  MgCl2 

I  Dissolved  Ca^^  from  ground  marine  carbonate 
sediment  samples  in  NaCl  *  MgCl2 

□  Dissolved  Ca^^  from  unground  marine  carbonate 
sediment  samples  in  NaCl  MgCl2 


*Carbonate  Alkalinity  is  equal  to  dissolved  Ca^^4  as  no  addi 
tional  Mg**  is  contributed  to  the  solution  from  the  sediment 
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%  MgCOs 
IN  THE  SAMPLE 


GOiitlalning  Galctte^  wl£h  the  dissolved  amount  o£  Ca  from 
pure  aragonite  being  much  lower  (Figure  8).  The  amount  of 
Ca*^  dissolved  from  ungrouad  earbonate  sediments  is  greater 
than  the  amount  of  Ga^^  dissolved  from  the  ground  sediment 
samples  for  the  MgCl^  solution  experiment  (Figure  8) ^ 

Figure  8  indiGates  that  the  Garbonate  alkalinity  from 
the  dissolving  ground  sediment  samples  in  MgCl^  is  on  the 
average  0»4  millimoles  per  liter  less  than  the  carbonate 
alkalinity  of  the  unground  sediment  samples.  The  carbonate 
Ion  concentration  of  the  ground  carbonate  sediments  in  Mgci^ 
may  be  beginning  to  level  off  according  to  Figure  5>  and  the 
[Ca  ]  [C0|]  Ion  product  from  Figure  9  has  about  reached 
a  constant  yaluSi 

The  absence  of  Mg^*  in  solution  can  not  be  explained 
either  by  washing  or  equilibrium  as  in  the  ease  of  NaHCO^) 
distilled  water,  or  NaCl.  One  very  possible  explanation, 
however,  is  that  the  high  concentration  of  MgCi2  in  solution 
inhibits  Mg*^  from  dissolving*  Common  ion  effects  such  as 
these  are  well  known  in  solution  chemistry. 

Seidell  (1940)  reported  that  alkaline  earth  chlorides 
depress  the  solution  of  CaCQ^,  A  comparison  between 
Figures  3  and  8  shows  quite  convincingly  that  the  solubility 
of  Ca  Is  greater  in  MgCl2  solution  than  in  distilled  water 
The  increase  in  the  dissolved  amount  of  Ca^*,  above  that 


FIGURE  9 

Ion  ProducEs  of  the  Solution  of  Sediment  Samples 
in  MgCl2  and  NaCl  +  HgCl^  With  Respect 
to  Percent  MgCO^  in  Sediment  Samples* 


LEGEND 

[Ca^^]  [CO^]  of  dissolved  marine  carbonate 
'^sediment  samples  in  NaCl 
(from  Figure  6) 

X[Ca*^]  [CO*]  of  dissolved  marine  carbonate 
'sediment  samples  in  MgCl^ 

•4-[Ca^^]  [CO^]  of  dissolved  marine  carbonate 
'^sediment  samples  in  MaCl  +  MgCl2 


*See  Appendix  IX^  Table  7 
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which  dissolves  from  pure  aragotiite^  Cati  be  areributed  to 
the  high  magnesium  calciCei 

In  order  to  justify  the  difference  in  the  amounts  of 
Ca  dissolved  from  ground  and  unground  sediments^  we  must 
return  to  the  alternatives  presented  under  the  discussion 
of  NaHCd^ i  The  roost  likely  exp lanat ions ^  derived  from 
either  preliminary  washing  or  differences  due  to  an  e^uilib-i 
rluro  shift,  seem  to  apply. 

It  is  evident  from  Figure  5  that  the  [ed"],  from  the 
dissolving  ground  carbonate  sediments  in  HgCl^^  "'ey  have 
begun  to  level  off  so  that  further  increase  in  available 
MgCd^  Will  result  in  very  little  additional  carbonate  being 
added  to  solution. 

The  [Ca^^]  iCd“]  ion  product  has  nearly  reached  equi-^ 
librium  for  ground  sediments  in  MgCl^  indicating  that  the 
solution  will  not  dissolve  greater  quantities  of  CaCd^ 
(Figure  9). 


NaCl  +  MgCl^  Solution  Experiment 

The  amounts  of  Ca  and  Mg  dissolved  out  of  marine  car¬ 
bonate  sediments  in  NaCl  MgCl^  are  recorded  in  Appendix  II, 
Table  5.  These  analyses  were  obtained  after  the  sediments  were 
in  contact  with  NaCl  +  MgCl2  for  eight  months.  Figure  8  relates 
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fehe  dissolved  athounts  of  and  in  tnillinioles  to  the 

percentage  of  MgCO^  in  the  sediments. 

As  in  the  case  of  HgCl^^  Appendix  fable  5,  indicates 
unusual  behavior  on  the  part  of  sediment  solution!  Again 
Mg  is  not  dissolved  from  either  the  unground  or  ground 
sediment  samples ^ 

Figure  8  indicates  that  the  amount  of  ca^^  dissolved 
from  the  ground  sediment  samples  slowly  increases  at  a  rather 
constant  rate  from  just  under  1.9  millimoles  per  liter  to 
more  than  3  millimoles  per  liter  for  0  percent  MgCQ^  to  12 
percent  Mgco^,  respectively.  A  comparison  between  Figures  7 
and  8  indicates  that  the  total  Ca^^  dissolved  by  MaCl  *  MgCl^ 
is  roughly  the  Same  as  the  Ca^^  dissolved  from  NaCl  and  HgCl^ 

added  separately. 

Figure  S  indicates  that  the  [CQ~]  for  NaCl  *  MgCl^  Gon» 
tinues  to  rise  with  increase  in  MgCO^  in  the  sediment^  and 
Figure  9  Shows  that  the  rapidly  increasing  [Ca^^]  [CO°]  ion 
product  for  NaCl  +  MgCl2  does  not  level  off  and  reach  a 
constant  value. 

Figure  7  indicates  that  NaCl  dissolves  over  1  millimole 
of  Mg^^  per  milliliter;  however,  when  NaCl  is  combined  with 
MgCl^,  no  Mg  is  in  solution  after  eight  months  (Figure  8), 
Magnesium  chloride  exerts  greater  control  over  the  solution 
of  carbonates  than  NaQl,  it  is  again  suggested  that  the  MgCl2 
in  solution  tends  to  inhibit  the  solution  of  Mg^^  from  the 
sediments . 
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The  differences  In  amount:  of  dissolved  from  ground 

and  unground  sedlmenCS  for  the  Nadi  +  HgCl2  solution  experi¬ 
ment  are  attributed  to  either  preliminary  washing,  or  to  the 
equilibrium  shifty 

Figure  5  Indicates  that  the  [CO'j  for  NaCl  +  MgCl^  may 
be  leveling  off^  With  increasing  MgCd^  in  the  sample  the 
carbonate  ion  concentration  in  NaCl  MgCl^  solution  may 
become  constant.  The  [Ga^^j  product  from  figure  9, 

however,  shows  that  equilibrium  is  not  being  reached  in  the 
case  of  NaCl  *  HgCl^*  i®  also  evident  that  the  [Ca^^] 

[Cd“]  ion  product  in  NaCl  +  MgCl2  is  merely  the  additive 
effect  of  the  ion  products  for  NaCl  and  MgCl2  added  individually. 

Figures  10  and  11  summarize  the  dissolved  amounts  of 
Ca  and  Mg  with  respect  to  the  percent  MgCO^  ih  the  sedi¬ 
ment  samples  for  each  of  the  solutions  used  in  the  experiment. 

The  solution  of  Ca  is  inhibited  by  NaHCOj,  followed  by  dis¬ 
tilled  water,  NaCl,  MgCl2>  and  NaCl  +  MgCl^.  The  solution  of 
Mg^*  is  inhibited  by  MgCl^  and  NaCl  +  MgCl2^  followed  by 
NaHCO^,  distilled  water  and  NaCl.  Figures  10  and  11  show  the 
relationship  between  dissolved  amounts  of  Ca  and  Mg  with 
increasing  MgCO^  content  in  the  sediments  for  each  solution. 
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FIGURE  10 

Dissolved  Amounts  of  Ga  wllth  Respect  to  Percent  MgCO^ 
In  Sediinent  Samples  In  the  Ion  Fairs  of  Synthetic 

$ea  Water 


mM/L  Ca^-*-  DISSOLVED 


No  HCO3  DISTILLE D  No  CL 

WATER 

SOLVENT 


MgCL2  NaCL 
4-MgCL2 


%  Mg  CO3  IN  THE  SAMPLE 
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FIGURE  1\ 


Dissolved  Amounts  of  Mg  with  Respeet  to  Perceftt  MgGO^ 
in  Sediment  Samples  in  the  Ion  Pairs  of  Synthetic 

Sea  Water 


(f) 

UJ 


NaHCOs  DISTILLED  NaCL  fAqCLz 
WATER 

SOLVENT 


NaCL 

•l-MgCLz 


the  Effects  of  Particle  Size  and  pH 

From  the  pH  values  observed  during  the  first  10  or 
15  minutes  as  each  Sediment  went  into  Solution^  it  was  evi¬ 
dent  that  particle  size  did  affect  the  rate  of  solution, 
the  ground  Samples ^  in  almost  every  case^  go  into  solution 
very  rapidly  as  indicated  by  the  immediate  rise  in  pH.  For 
the  unground  samples  the  rate  of  pH  change  decreases  with 
increasing  grain  size.  this  indicates  that  the  initial  rate 
of  solution  is  dependent  upon  grain  size.  Figure  12  shows 
a  typical  family  of  pH  curves  for  various  size  carbonate 
sediments  as  they  dissolve.  Appendix  111  contains  the  pH 
values  Of  each  dissolving  carbonate  with  time. 

All  differences  in  pH^  with  respect  to  particle  size^ 
disappear  as  the  solution  approaches  equilibrium^  No  cor¬ 
relation  appears  to  exist  between  particle  size  and  ultimate 
solubility  in  any  of  the  solutions  used. 

It  is  apparent  that  the  final  pH  values  do  not  reflect 
solubility  in  NaHCO^^  distilled  water^  and  NaCl,  For  HgCl^ 
and  NaCl  MgCl^^  however,  the  final  pH  values  of  the  unground 
sediment  samples  are  higher  than  the  final  pH  values  of  the 
ground  sediment  samples. 

Figure  8  indicates  that  the  dissolved  Ca^^  from  unground 
carbonate  sediments  is  greater  than  the  dissolved  Ca*^  from 
ground  carbonate  samples.  Inasmuch  as  no  CO^  is  contributed 
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FIGmE  12 

typical  Variations  In  pH  for  Various  Grain 
Size  Carbonate  Sediments 
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Co  Che  soluClon  from  dissolving  MgGO^  in  either  MgCI^  or 
NaCl  +  MgCl^^  dissolved  Ga^^  and  G0|  are  direccly  related^ 

As  dissolved  Ga^^  increases  in  a  solution^  G0|  also  Inereases. 
the  relationship  between  pH  and  GO|  can  be  written  as: 

GO| 

pH  c  pK^  log  ^ 

the  higher  values  of  dissolved  Ca^^  for  the  unground  samples 
are  thus  accompanied  by  higher  pH  values  in  both  HgCl^  and 
Naci  MgGl^  solution  experiments^  indicating  that  a  rela'- 
tlonship  between  pH  and  the  solution  of  Ca^^  exists »  An 
understanding  of  the  mechanisms  underlying  this  relationship 
will  require  further  work. 

the  pH  valuas  reached  during  the  initial  stages  o|  selu- 
tipn  are  as  high  as  9.7^  which  are  considerably  greater  than 
the  final  equilibrium  pH  values  of  8.2  to  8.4  (Appendix  tll^ 
tables  1^5).  It  is  suggested  here  that  supersaturatien 
occurs  during  initial  solution  of  marine  carbonate  sediments 
in  the  ion  pairs  of  sea  water.  Repreeipitation  of  the  cations 
is  indicated  by  the  lower  pH  values  after  1  week. 

the  situation  with  regard  to  sea  water  is  somewhat  dif¬ 
ferent.  The  pH  of  each  sediment  sample  going  into  solution 
was  followed  for  eight  months  (Appendix  III^  Table  6).  No 
significant  change  in  pH  occurs  during  the  first  15  minutes 
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except  for  pure  aragonite  samples  which  decrease  somewhati 
Little  change  In  pH  occurs  during  the  entire  experiment  lor 
ground  sediment  samples.  The  unground  sediment  samples^ 
however^  raise  the  pH  of  the  solution  from  about  8,0  at 
1  week  to  8,2  at  10  weeks. 


CHAPTER  IV 


CONCLUSIONS 


The  results  of  this  study  indicate: 

the  grain  size  of  recent  marine  carbonate  Sediments  have 
no  relationship  tO  the  amount  Of  Ga  Or  Mg  dissolved  by 
the  major  iOn  pairs  of  synthetic  Sea  water  and  distilled 
water i 

li  The  pH  of  solutions  containing  MgCl^  reflect>  to  some 
extent^  the  amount  of  Ca^^  dissolved. 

.  ,  .  ^  4*  - 

3.  The  presence  of  MgCl^  in  solution  inhibits  Mg  from 
dissolving  Out  of  sediments^  and  promotes  the  solution  of 
Ca*^.  The  indication  is  that  MgCl^  is  the  major  controlling 
ion  pair  of  synthetic  sea  water,  and  the  effects  Of  the  other 
ion  pairs  are  relatively  unimportant  on  the  solution  of 

and  Mg*^, 

4.  The  magnesium  calcites  present  in  the  marine  carbonate 
sediments  of  this  study  are  more  soluble  than  100  percent 
aragonite  in  HgCl2  and  NaCl  +  MgCl^,  but  are  not  noticeably 
different  than  pure  aragonite  in  NaHCO^,  distilled  water, 
and  NaCl, 
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5.  At  the  GonclusidA  of  the  sdlutlon  experlmeht8>  it  is 
evident  that  when  large  anidunts  of  MgCO^  are  present  in  the 
sediment,  the  ion,  product  of  {Ga^^l  [G0“]  in  the  MgCl^  Solu¬ 
tion  nearly  reaches  equilibrium,  and  the  ion  products  of 
ica^*3  [GO^J  and  [Mg^^J  [GO"]  do  not  reach  equilibrium  in 
NaHCO^,  distilled  water,  NaGl,  Or  MgGl^  +  NaClj 

6,  The  pH  values  of  the  Suspensions  increase  rapidly  to  a 
maximum  during  the  first  is  minutes  in  most  cases  and 
decrease  to  a  constant  lower  value  after  the  first  weeki 

This  is  considered  as  evidence  that  during  the  first  IS  minutes 
of  solution,  more  cations  are  in  solution  than  are  present 
after  a  week.  It  is  suggested  that  the  initial  solution  of 
each  sediment  is  followed  by  reprecipitation  until  an  equi¬ 
librium  value  is  reached. 
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Al^PENDiX  I 


i 


APPENDIX  I 

Ai  Preparation  of  Calcluin  Ion  Standard  Solution 
Re^a gents . 

1)  6N  Hydrochloric  Acid.  Dilute  485  nil  Of  reagent  grade 
concentrated  HCl  (S.G<  lil9)  to  1  liter. 

Eduipment . 

1)  Hot  plate. 

2)  Glassware: 

1-200  ml  tall  form  beaker 

1-1  liter  volumetric  flask 

1  short  Stem  funnel  (slightly  greater 
in  width  than  the  tall  form  beaker). 

Dry  several  gm  reagent  grade  CaCOj  overnight  in  a  low 
temperature  (85®C)  drying  oven.  Cool  in  a  desiccator  and 
weight-oiit  1.000  gm.  Quantitatively  transfer  the  weighed 
CaCO^  to  a  200  ml  tall  form  beaker  and  add  20  ml  of  distilled 
water.  Place  the  short  stem  funnel  in  the  beaker-i-^.  Thro'^Sh 
the  funnel  add  several  ml  of  6N  HCi  to  dissolve  the  CaCO^ 
completely.  The  solution  is  carefully  boiled  for  5  minutes 
to  remove  CO^  completely.  Cool  the  solution  and  quantitatively 
transfer  to  a  1  liter  volumetric  flask.  Dilute  the  solution 


1  /  ++ 

-■'The  funnel  prevents  any  loss  of  Ca  either  due  to  the 
effervescence  of  the  carbonate  while  dissolvings  or  due  to 
the  bubbling  of  the  solution  during  boiling. 
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£6  1  liter  with  boiled  distilled  water  and  stopper.  The 
titer  of  the  calciutt  ion  standard  is  0,4008  mg  Ca^^/ml. 

B.  Standardization  of  EDTA  for  Ca^^  Analysis 
Reagents , 

1)  Methyl  Red  Indicator  (0.02  percent  dissolved  in 
ethanol) , 

2)  2N  Sodium  Hydroxide,  Dissolve  80  gm  of  reagent 
grade  NaOH  pellets  in  distilled  water  and  make  to 
volume  of  1  liter. 

3)  Calcium  Red  Indicator,  One  grain  of  2,^hydroxy-l- 
(2  -  hydroxy  »4»  Sul  fo-l-naphthylazo)  =>3 -naphthoic 
acid  is  ground  and  mixed  with  100  gm  of  reagent 
grade  MaCl  in  a  mortar  and  stored  in  the  dry 
form  in  a  dark  colored  bottle, 

4)  IDTA  Standard  Solution,  Dissolve  80  gm  of  the 
di-sodium  salt  of  ethylenediaiminetetraacetie 
acid  in  20  liters  and  allow  to  stand  at  room 
temperature  with  occasional  stirring^  for 
several  days. 


Equipment , 

1)  Glassware: 

1-50  ml  automatic  burette  with  automatic 
zero  point 

1-10  ml  pipette 

3-250  ml  erlenmeyer  flasks. 

With  the  volumetric  pipette,  tranfer  1-10  ml  aliquot 
of  the  calcium  ion  standard  into  each  of  the  3-250  ml  erlen- 
meyer  flasks.  Adjust  the  total  volume  of  solution  to  about 
SO  ml  with  distilled  water.  Add  1  drop  of  methyl  red  and 
then  add  2N  NaOH  dropwise  until  the  solution  just  becomes 


basic  (methyl  red  turns  to  yellow).  Add  an  excess  of  15  ml 
Of  2N  NaOH  (the  titration  must  be  carried  out  at  a  pH  of 
about  l3) ,  With  a  spatula^  add  approximately  100  mg  of  the 
$olid  calcium  red  indicator  and  titrate  with  EDfA  until  1 
drop  turns  the  indicator  from  red  to  blue,  the  triplicate 
titrations  should  agree  within  0.05  ml. 

the  EPtA  titer  is  calculated  as  follows: 


titer  (mg /ml) 


(10.00)  (0.4008  mg  Ca/ml) 
(ml  EDtA  required) 


C.  Standardization  of  Mg^EOtA  for  total  Ca^^  +  Mg^^  Analysis 
Reagents . 

1)  Methyl  Red  (0.02  percent  dissolved  in  ethanol), 

2)  Ammonium  Hydroxide-i-Ammonium  Chloride  Suffer.  Mix 
570  ml  of  reagent  grade  NH^OH  and  67.5  gm  of  reagent 
grade  NH^Cl  and  dilute  to  1  liter. 

3)  Eriochrome  Black  t  Indicator  (ESt) .  Add  0.4  gm 

of  EBt  to  a  mixture  of  lO  ml  of  95  percent  ethahOl 
and  30  ml  2,  2',  2"  nitr ilotriethanol .  the  indicatpr 
should  be  stored  under  refrigeration  when  not  in 
us  e , 

4)  Mg-EOtA  Standard  Solution.  Mix  160  gm  of  Che  di*- 
sodium  salt  of  ethylenediaminetetraaceCic  acid  and 
40  gm  of  reagent  grade  MgCl2^6H20^  dilute  to 

20  liters,  and  allow  to  stand  at  room  temperature^ 
with  occasional  stirring,  for  several  days. 

Equipment . 

1)  Glassware: 

1..50  ml  automatic  burette  with  automatic 
zero  point 

1-.10  ml  pipette 

3^250  ml  erlenmeyer  flasks. 


With  the  volumetric  pipette,  transfer  l-lO  ml  aliquot 
of  the  calcium  ion  standard  into  each  of  3-250  ml  erlenmeyer 
flasks.  Adjust  the  total  volume  of  solution  to  about  50  ml 
with  distilled  water.  Add  1  drop  of  methyl  red  and  then  add 
NH^OflaNH^Gl  buffer  solution  dropwise  until  the  Solution  just 
becomes  basic  (methyl  red  turns  to  yellow).  Add  an  excess 
of  2  ml  of  the  buffer  (the  titration  must  be  carried  out  at 
a  pH  of  about  9.5).  Add  2  to  4  drops  of  EBT  Indicator,  and 
titrate  with  Mg-^EDTA  until  1  drop  turns  the  indicator  from 
red  to  blue.  the  triplicate  titrations  should  agree  within 
0.05  ml. 

The  Mg'oEDTA  titer  is  calculated  as  follows: 


titer  (mg  Ca^^/ml) 


(10.00)  (0.4008  mg  Ca/ml) 
(ml  EOtA  required) 


D.  The  Determination  of  Ca  and  Mg  in  Natural  Carbonate 
Sediment  Samples 

Reagents . 

1)  6N  Hydrochloric  Acid  (see  Appendix  I,  Fart  A) 

2)  Methyl  Red  Indicator  (see  Appendix  I,  Part  B) 

3)  2N  Sodium  Hydroxide  (see  Appendix  I,  Fart  B) 

4)  NH^QH-NH^Cl  Buffer  (see  Appendix  I,  Part  C) 

5)  Calcium  Red  Indicator  (see  Appendix  I,  Part  B) 

6)  EDTA  Standard  Solution  (see  Appendix  I,  Part  B) 

7)  Erlochrome  Black  T  Indicator  (see  Appendix  I,  Part  C) 

8)  MgsEDTA  Standard  Solution  (see  Appendix  I,  Part  C) 


Egulpifletit . 

1)  Hot  Plate. 

2)  Glassware: 

1- 20  ml  pipette 

2- 50  ml  automatic  burettes. 

Wash  free  of  chlorides  approximately  100  itig  of  the 
sample  to  be  analyzed,  and  dry  at  85'^C  overnight.  Carefully 
weigh  the  sample  and  transfer  to  a  150  ml  beaker.  Add  20  ml 
of  distilled  water  and  several  ml  of  6N  HCl.  Boil  carefully 
for  2  or  3  minutes  and  cool.  Transfer  the  dissolved  sample 
quantitatively  to  a  100  ml  volumetric  flask  and  bring  to 
volume  with  distilled  water.  Mix  thoroughly  and  withdraw 
4-20  ml  aliquots,  transferring  them  into  4-250  ml  erlenmeyer 
flasks,  two  aliquots  are  for  Ca^^  analysis  and  2  for  Mg*^ 
analysis.  Reserve  the  remaining  20  ml  in  the  volumetric 
flask  in  case  of  loss. 


Calcium  Determinat ion .  Add  one  drop  of  methyl  red  to  each 
of  the  two  solutions  reserved  for  Ca^^  analysis.  Add 
2.N  NaOH  dropwise  until  the  solution  Just  becomes  basic, 
and  then  add  an  excess  of  15  ml  NaOH.  Adjust  the  volume  of 
the  solution  with  distilled  water  tO  about  50  ml.  Add  appcoxl 
mately  100  mg  of  the  calcium  red  indicator  with  a  spatula 
and  titrate  with  EDTA  until  1  drop  turns  the  solution  from 
red  to  blue.  Duplicate  analyses  should  agree  within  0,05  ml. 
The  calculations  are  as  follows: 
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Ca 


++ 


(tng) 

CaGOg 


=  (ml  EDTA  required)  (EDTA  titer-^/) 

*  g  ca^^Cma)  100, 09 

Sample  weight  ^  40.08 


Maenes  turn  Betermlflatlpn.  the  analysis  of  Mg^^  in  carbonate 
sediments  is  obtained  by  difference,  the  calcium  present 
in  the  sample  is  Subtracted  from  the  total  ca^^  +  as 

determined  by  Eriochreme  Black  t  and  Mg^EDtA. 

to  the  2  remaining  aliquots,  add  1  drop  of  methyl  red 
to  each  and  NH^OH-NH^Cl  buffer  until  the  solution  juSt  becomes 
basic.  Add  an  excess  of  2  ml  of  the  buffer,  and  adjust  the 
volume  of  solution  in  each  flask  to  about  50  ml  with  distilled 


water.  Add  2  to  4  drops  of  EBt  indicator  and  titrate  with 
Mg^EQtA  until  1  drop  turns  the  Solution  from  red  to  blue. 
Duplicate  analyses  Should  agree  within  0.05  ml. 
the  calculations  are  as  follows: 


Mg’*"*”  (mg) 


(ml  Mg-BDTA  (■^)  (Mg^EDTA 't  iter^/)  ^Ca'^%g 
required) 


24.32 

40.08 


Mg  "(mg)  84.33 

Sample  weight  24.32 


2  / 

^'See  Appendix  I,  Part  B 
-^^See  Appendix  I,  Part  0 


Ei  The  Determination  of  the  Chloride  Ton  in  the  Components 
of  Synthetic  Sea  Water 

g e nts  . 

1)  Reagent  Grade  NaCl. 

2)  0.05  M  K2Cr04  Solution.  Dissolve  1.0  gm  of  reagent 
grade  K^CrO^  in  100  ml  of  distilled  water. 

3)  0.05  N  AgN03  Standard  Solution.  Dissolve  8.5  gm  of 
reagent  grade  AgNO^  in  distilled  water  and  dilute 
to  1  liter.  Store  in  a  dark  colored  bottle  away 
from  light. 

Equipment . 

1)  Glassware: 

1*25  ml  automatic  burette 
1*5  ml  miCro*burette 
I  to  5  ml  pipettes 
3*250  erlenmeyer  flasks^ 


The  AgNO^  solution  must  be  standardized  before  use. 
Weight  approximately  30  mg  of  NaCl  accurately^  and  dissolve 
in  20  ml  of  distilled  water.  Add  1  ml  of  0«05  M 
the  indicator^  and  titrate  with  the  AgNO^  standard  solution. 
The  end  point  is  reached  when  1  drop  of  the  AgNO^  produces 
a  red  precipitate  of  Ag2C^O^  which  persists.  Repeat  until 
triplicate  analyses  agree  to  within  0.05  ml.  The  AgNO^  titer 
is  then  calculated  as  follows: 

(gm  NaCl  X  35.46  x  1000)  =  Cl  I.  per  ml  AgNO 
Xml  A;gNOj  X  58.45)  ^ 


a 


I 

I 

I 

I 
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to  decermlne  the  chtoride 
draw  an  aliquot  of  the  unknown 
Gallbrated  to  deliver  1  to  5  ml 
solution  available,  and  dilute 


content  of 


solution,  with 


with  a  volumetric  pipette 


,  depending  on  the  amount  o 
it  to  about  20  ml  with  diet 


f 


illed 


water.  Add  1  ml  of  0^05  M  K^CrO^  indicator  and  titrate  with 
the  AgNO^  standard  solution  until  a  single  drop  produces  a 
red  precipitate  that  persists.  For  the  chloride  determina¬ 
tion  of  MgCl^,  use  the  5  ml  micro-burette i  for  the  others, 
use  the  25  ml  automatic  burette,  the  chloride  content  of 
the  solution  is  calculaced  as  follows: 

ml  AgNO. 

'  *  AgNG.,  titer  =  Cl  %» 

ml  aliquot  ^3 


F.  The  Determination  of  Dissolved  Amounts  of  Ca  and  Mg 
in  Various  Solutions 


Reagents . 

1)  6N  Hydrochloric  Acid  (see  Appendix  I,  Part  A) 

2)  Methyl  Red  Indicator  (see  Appendix  I,  Part  B) 

3)  2N  Sodium  Hydroxide  (see  Appendix  I,  Part  B) 

4)  NH^OH-NH^Cl  Buffer  (see  Appendix  I,  Part  G) 

5)  Calcium  Red  indicator  (see  Appendix  1,  Part  B) 

6)  EDTA  Standard  Solution  (see  Appendix  I,  Part  B) 

7)  Eriochrome  Black  T  IndlGator  (see  Appendix  I,  Part  C) 

8)  Mg-EDTA  Standard  Solution  (see  Appendix  I,  Part  C) 

9)  Reagent  Grade  NaCl 

10)  0.Q5  M  A^CrO^  Solution  (see  Appendix  I,  Part  E) 

11)  0.5N  AgNQ^  Standard  Solution  (see  Appendix  I,  Part  E) , 
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Equipmeflt i 

1)  Hot  PlatCi 

2)  Glassware: 

2-SO  ini  automatic  burettes 
1-25  ml  automatic  burette 
1-5  ml  mlcte-burette 

400  ml  beakers 
long  stem  funnels 

various  sizes  of  volumetrlG  pipettes. 

Filter  each  natural  carbonate  suspension  through 
Whatman  filter  paper  into  a  clean  dry  flask.  Do  not  wash. 
Withdraw  4  equal  aliquots  from  the  flask  So  that  at  least 
a  few  ml  of  the  solution  remain^  and  transfer  to  4  erlenmeyer 
flasks.  Dilute  the  4  aliquots  to  about  50  ml  each  with 
distilled  water^  add  2  ml  of  6N  MCI  to  each;  and  boil  for 
2  or  3  minutes.  Two  of  the  aliquots  are  reserved  for  Ca^^ 
analysis;  and  2  for  analysis. 

Calcium  Determlnatlgn.  To  the  2  solutions  reserved  for  Ca^^ 
analysis;  add  1  drop  of  methyl  red,  Add  2N  MaOH  dropwise 
until  the  solution  Just  becomes  baslC;  and  then  add  15  ml 
NaOH  In  excess.  Adjust  the  volume  of  the  solution  to  about 
50  ml  with  distilled  water.  Add  approximately  IQO  mg  of  the 
calcium  red  Indicator  from  red  to  blue.  Duplicate  analyses 
should  agree  within  0.05  ml. 
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Magnes lum  Determinaelonj  The  analysis  of  In  the  oar- 

bonate  sediments  is  done  by  difference.  The  calcium  present 
in  the  sample  is  Subtracted  from  the  total  Ga^"*^  +  as 

determined  by  EriOchrome  Black  T  and  Mg-EDTA. 

To  the  2  remaining  aliquots^  add  1  drop  of  methyl  red 
to  each  and  add  NiM^OH-NH^CI  buffer  until  the  solution  just 
becomes  basiCi  Then  add  an  excess  of  2  ml  of  the  buffer. 
Adjust  the  volume  of  solution  in  each  flask  to  about  SO  ml 
with  distilled  v&tet,  and  add  2  to  4  drops  of  EBT  indicator. 
Titrate  with  Mg-EDTA  until  1  drop  turns  the  indicator  from 
red  to  blue.  Duplicate  analyses  should  agree  within  0.05  ml. 

The  calculations  for  the  sediment  samples  in  distilled 
water,  NaCl,  and  NaHCO^  are  as  follows: 


Dissolved  Ca**('^) 


Dissolved 


(ml  Mg-EDTA 
required) 
(inT  aliquot) 


(ml  Mg«£DTA 
required) 
(ml  aliquot) 


(EDTA  titer^6  (1000) 


(Mg  EDTA  titer^/) 


-  Dissolved  Ca^* 


24.32 

40.08 


^/see  Appendix  I,  Part  B 
■^^See  Appendix  I,  Fart  C 


(1000) 
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dh  1 6 1 i d e  Be te e r m  1  na 1 1 6 n .  Since  several  of  Che  synthetiG  solii- 
tzions  used  contain  any  evaporation  Of  the  liquid  tnedlUfn 

will  result  in  concentrat ion  of  Mg  .  By  determining  the  Mg 
and  Cl  contents  of  the  original  synthetic  solution,  and  the 
Cl  content  at  the  end  of  the  experiment,  the  Mg^^  content 
of  the  solution  at  the  end  of  the  experiment  is  calculated. 

From  the  remainder  of  the  filtered  solution,  after  ali¬ 
quots  for  Ca^^  and  Mg^^  analysis  have  been  taken,  a  suitable 
aliquot  is  Withdrawn  with  a  pipette  and  placed  in  an  erlen- 
meyer  flask.  Dilute  to  about  20  ml  with  distilled  water, 
and  add  1  ml  of  0.05  M  K^CrO^  indicator.  Titrate  with  AgNO^ 
standard  solution  until  a  single  drop  produces  a  red  precipi¬ 
tate  that  persists.  Use  the  5  ml  micro-burette  for  MgCl2 
solutions^  and  the  25  ml  automatic  burette  for  the  others. 

The  calculations  for  the  dissolved  amounts  of  Ca^^  and 
Mg^^  in  MgCl^  and  MaCl  +  MgCl2  are  a#  follows: 

(ml  EDTA 

oi.ipiv.i  c.**  <^)  =  (MIA  ut.pi/)  (1000) 


»^See  Appendix  I,  Part  B 
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Dissolved 


(till  Hg^EDfA 
requiyed)„  „ 
(ml  aillquot) 


EiTA  tlter^/)  (1000) 


Dissolved 

(M) 


24. 32 
40 . 08 


Coneenltratlpn 
f  ac 


Hg  concentration  of 
Original  s©luti0n4^/ 


7./ 


See  Appendix  X, 


Part  e 


n 


1/ 


Concentration  factor  ^ 


Mg*^  eoncentration  of 
original  solution  (’^) 

^tnl  EDTA  > 

'ml"  aliquot'^ 


(ml  AgNOj)  (AgN03  titer)  (lOQO) 

(Cl  concentration  of  original 
solution  In  %o) 


(ml  Mg- EDTA)  .Mg^lDTAx 
(ml  aliquot)  '  titer 


(1000) 


(EDTA  titer)  (1000) 


24.32 

40708 


f 


. . . 
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imClASSiflED  ISCHtniGAL  VStOtatS  ©XStRIBtlflON  list 
loir  OCEAHOGSAFHIC  CONTRACTORS 
Of  ebO  OBOFHTSICS  BRANCH 
of  eho  OFFICE  OF  NAVAL  RESEARra 
(Roviiod  Jonuoi^  1963) 


DEFARTMENT  OF  DEFENSE 

1  Oiireetdr  of  Defense  Reseereii 
&  Engineering 

AEtn:  Coordinetlng  ComBittee 
on  seienee 
Fentegon 

tfesliington  ESj  G* 


Ml 

2  Off ice  of  Navel  Researeh 
Geophysles  Braneh  (Code  416) 
Washington  iSj  D.  c^ 

Office  of  Navel  Research 
Washington  25|  D.  C. 

1  Attn:  Biology  Braneh  (code  446} 

1  Attn:  Surface  Braneh  (Code  463) 

1  Attn:  Undersea  Warfare  (Code  466) 

1  Attn:  Special  Frojeeti  (Code  413) 

1  Commanding  Offleer 

Office  of  Naval  Research  Braneh 
49S  Sumner  Street 
Boston  lOj  Hassachusetta 

1  GoiiMinding  Officer 
Office  of  Naval  Research 
207  West  24th  Street 
New  York  11,  New  York 

1  Commanding  Officer 

Office  of  Naval  Research  Braneh 
The  Jolm  Crerar  Library  Building 
36  East  Randolph  Street 
Chicago  1,  Illinois 

1  Commanding  Officer 

Office  of  Naval  Research  Braneh 

1^  6«ary  Street 

San  Freneiaeo  9,  Calif eroia 


1  cofimanding  Officer 

office  of  Naval  Research  Branch 
1030  East  Green  Street 
Fasadena  I,  California 

Id  Commanding  Officer 

Office  of  Naval  Research  Branch 
Navy  6100,  Fleet  Feat  Office 
New  York,  New  York 

1  Oceanographer 

Office  of  Naval  Research 
Navy  dlOO,  Box  39 
Fleet  Fast  Office 
New  York,  New  York 

1  Contract  Administrator  Southeastera  Area 
Office  of  Naval  Research 
2110  "6“  Street,  N.w* 

Washington  7,  D.  C* 

1  ONR  Special  ReFresentative 
c/o  Hudson  Laboratories 
Columbia  University 
145  Falisede  Street 
Dobbs  Ferry,  New  York 

1  Mr*  Francis  M.  Lucas 

ONR  Resident  RepresentatiVa 
University  of  Texas 
F.  0.  Box  7736 
Austin  12,  Texas 

6  Director 

Naval  Reeaareh  Laboratory 
Attn:  Coda  5500 
Washington  25,  D.  C. 

(Note:  3  copies  are  forwarded  by  the 
ebove  addretf ee  to  the  British  Joint 
Servieee  Staff  for  further  distri* 
bucion  in  England  end  ceaede,) 


1  OeeAndgrapHer  1 

ti*  Kavai  Oceandgraphle  Office 
Waahingeeti  25}  0#  C# 

Attn:  Llbrai^  (Cade  1640)  1 

1 

i  Si  Naval  Branch 

deeanogfaphie  Office  1 

Na^  3923,  Box  77 

F.P*0. 

San  Praneiaeoj  California 

1 

Chief,  Bureau  of  Naval  '/feepona 
department  of  the  Navy 
i^aahlngtdn  25}  Di  c# 

1  Attn:  PASS 

1  Attn:  Rn422 


1  office  of  the  U«  S.  Naval  1 

^'eather  :^ervlce 

Ui  s«  Naval  Station  1 

tJaahingtdn  2S>  C. 

1  Chief,  Bureau  of  Yarda  &  Docki 
Office  of  Reaearch 

Department  of  the  Navy  1 

Waahitigton  IS,  D«  C. 

Attn:  Code  70 

1  Commanding  Cfflcer  &  Director  1 


u.  Si  Navy  Electronica  Laboratory 
San  Diego  52,  Calif onULa 
1  Attn:  Code  2201 
1  Attn:  Code  2420 

1 

1  CooBianding  Cfficer  &  Director 
Ui  S.  Naval  Civil  Engineering 
Laboratory 

Fort  Hueneme}  California  2 

Attn:  Code  L54 

1  Code  3145 
Box  7 

Ft.  Nugu  Miaaile  Range  1 

Ft.  Mugu,  California 

1  Commander,  Naval  Ordnance  Laboratory 
White  Cak,  Silver  Spring,  Maryland  1 

Attn:  B.  Liberman,  Librarian 


2 


Commanding  Officer 
Naval  Ordnance  feat  station 
China  Lake,  California 
Attn:  Code  753 
Attn:  Code  503 

Cenmanding  Officer 

Naval  Radiological  nefenae  Laboratory 
Sen  Franc iaco,  California 

Commanding  Cfficer 

U«  S.  Navy  Underwater  Ordnance  Station 
Newport}  Rhode  ialand 

Chief,  Bureau  of  shipa 
Department  of  the  Nai^ 

^'aahington  25j}  D*  C. 

Attn:  Code  373 

Cfficer  in  Charge 

U.  S.  Navy  Weather  Reaearch  Facility 
Naval  Air  Station,  Bldg.  R^8 
Norfolk,  Virginia 

U.  S,  Fleet  '’eather  Facility 
D.  S.  Naval  Air  Station 
San  Diego  35,  California 

Commanding  Officer 
U.  S.  Nai^  Air  Development  Center 
Johnaville,  Penney Ivenia 
Attn:  NADC  Library 

Superintendent 
U.  s.  Naval  Academy 
Annapolia,  Mery lend 

Oepartment  of  Neteorology  & 
Oeeinograpfay 

U.  S.  Navel  Ppetgrsduete  School 
Monterey,  California 

Commanding  Officer 

U.  S.  Naval  Underwater  Sound  Laboratory 
New  London,  Connectieuc 

Commanding  officer 

U,  S.  Navy  Mina  Dafenaa  Laboratory 

PanaoM  City,  Florida 


Air  farce 

1  RdqtrSij  Air  ^eather  Seifvice  1 

(A'jss/fira) 

R.  Si  Air  ?eree 

Seett  Air  Force  Baie,  Illlnola 

1 

1  ARCRL  (CRZF) 

L.  6i  ^nieom  Field 
Bedferdj  lieeceehuaetts 

1 


I  1  AriBy  Research  Office 

Office  of  the  Chief  of  RfO 
I  Department  of  the  Art^ 

^  Washington  25«  Di  C.  1 


1  Ui  Si  Ari^  Beach  Erosion  Board 
5201  Little  Falls  Road^  N.Wi 
'Washington  16^  D.  Ci  1 

1  Azd7  Research  Office 
Washington  25,  D.  Ci 

Attention:  Environmental  Sciences  DiVi  1 


OTHER  Ui  Si  GOVERHMBWr  AGENCIES 

1  Office  of  technical  Services 

Department  of  CotBeerce  1 

tWashington  25,  0.  C. 

10  Armed  Services  teclmical 
Information  Agency 
Arlington  Ball  Station 
Arlington  12,  Virginia 

2  National  Research  Council 
2101  Constitution  Avenue 

T^ashington  25,  D.  c.  1 

Attn:  Committee  On  Undersea  uerfarc 
Attn:  Committee  on  Oceanogcapliy  1 

1  Laboratory  Director 
Biological  Laboratory 
Bwreau  of  Commercial  Fisheries 
Pi  c.  Box  6121,  Pt«  Lome  Street 
San  Diego,  California 
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Commandant  (OFU) 

Ui  Si  Coast  Guard 
Washington  25,  D.  C. 

Commanding  officer 
u.  Si  coast  Guard  cceanographic  unit 
c/o  Woods  Hole  Oceanographic  Institution 
Woods  Hole,  Naseachusetts 

Director 

Coast  &  Geodetic  Survey 
Ui  Si  Department  of  Commerce 
^Washington  25,  D.  Ci 
Attn:  Office  of  cceanography 

Hr.  James  Truabull 
Ui  Si  Geological  Survey 
Washington  25,  D.  c. 

Director  of  Meteorological  Research 
Ui  S.  twesther  Bureau 
wwsshington  25,  D,  C. 

Director 

Ui  Si  Artsy  Engineers  Waterways 
Experiment  Station 
Viehsburg,  Hississippi 
Attn;  Research  Center  Library 

Laberacory  Director 
Bureau  Of  Commercial  Fisharias 
Biological  Laboratory 
450-B  Jor^n  Hall 
Stanford,  California 

Bureau  of  Commercial  Fiaheriaa 
U.  S.  Fish  &  Wildlife  Sexviea 
Post  Cffice  Box  3330 
Honolulu  12,  Hawaii 
Attn:  Librarian 

Laboratory  Director 
Biological  Laboratoty 
Buraau  of  Commercial  Fiaharies 
Pi  C.  Box  30^3,  Fort  Croekatt 
Galveaton,  Texaa 


1  ^beratory  Director 

Biological  Laboratory j  Auke  Bay 
Bureau  of  Cosmereial  Flaherles 
P*  0.  Box  1155 
Juneau,  Alaska 

1  Laboratory  Director 
Biological  Laboratoxy 
Bureau  of  cotanerclai  Fisheries 
Pi  Oi  Box  6 

tjoods  Hole,  Massachusetts 

1  Laboratoxy  Director 
Biological  Laboratory 
Bureau  of  connereial  Fisheries 
P.  d.  Box  210 
BrunSwlek,  Georgia 

1  Laboratory  Director 
Biological  Laboratory 
Bureau  of  Commercial  Fisheries 
P.  d.  Box  271 
La  Jolla,  California 

1  Bureau  of  Sport  Fisheries  and  ^Hldlife 
U*  S.  Fish  and  Ulldllfe  Service 
sandy  Hook  Marine  Laboratory 
P*  d.  Box  423 
Highlands,  New  Jersey 
Attn:  Librarian 

1  Director 

National  Cceanographic  Data  Center 
Washington  25,  D.  C. 

2  Defence  Research  Member 
Canadian  Joint  Staff 

2450  Massachusetts  Avenue,  N.  T. 
V7ashington  3,  D.  Ci 

2  Library,  U.  S.  Teather  Bureau 
Washington  25,  D,  C. 

1  Director,  Biological  Laboratory 
Bureau  of  Coimnercial  Fisheries 
NSvy  Yard  Annex 
Building  74 
Washington  25,  D.  C. 


2  Director,  Bureau  of  Coimercial  Fisheries 
U.  S.  Fish  &  wildlife  Sarvlce 
Department  of  interior 
Washington  25,  D^  C. 

1  Dr.  crlo  E.  Childs 
0.  s.  Geological  Survey 
345  Middlefield  Road 
Menlo  park,  California 

1  Dr.  John  S.  Schlee 
U.  S.  Geological  Survey 
e/o  'Woods  Hole  Cceanographic  Institution 
Tjoods  Role,  Massachusetts 


RESEARCH  UBORATORIES 

2  Director 

Woods  Hole  Ceeanographie  Institstion 
W’Oods  Hole,  Massachusetts 

3  Project  cfficer 
Laboratory  of  dceanogrephy 
!7oods  Hole,  Massachusetts 

1  Director 

Narragansett  Marine  Laboratory 
University  of  Rhode  Island 
Kingston,  lU^de  Island 

1  Bingham  Cceanographic  Laboratories 
Yale  University 
New  Haven,  Connecticut 

1  Gulf  Coast  Researeh  Laboratory 
Post  dffice  Box 
Ocean  Springs,  Mississippi 
Attn:  Librarian 

1  Chairman 

Department  of  Meteorology 
&  Oceanography 
New  York  University 
Netf  York  S3,  New  York 

1  Director 

Lamont  Geological  Observatory 
Torray  Cliff 
Palisades,  New  York 
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I  Director 

Hudson  Laboratories 
145  palisade  street 
Dobbs  Perry,  New  York 

1  Great  Lakes  Research  Diviaion 
Institute  of  Science  &  feehnology 
university  of  Michigan 
Ann  Arbor,  Michigan 

1  Attn:  Dti  John  G.  Ayers 

1  Dr^  Harold  Haskins 
Rutgers  University 
New  Brunswick,  New  Jersey 

1  Director 

Chesapeidce  Bay  institute 
Johns  Hopkins  University 
121  Maryland  Hall 
BaltiitKire  13,  Maryland 

1  Mail  No.  J-300? 

The  Martin  company 
BaltiiDore  3,  Maryland 
Attn:  J«  Di  Pierson 

1  Mr,  Henry  D.  simfjons.  Chief 
Estuaries  Section 
uacerways  Experiment  Station 
Corps  of  Engineers 
Vicksburg,  Mississippi 

1  Cceanographic  Institute 
Florida  State  University 
Tallahassee,  Florida 

1  Director,  Marine  Laboratory 
University  of  Miami 
#1  Rickenbacker  Causeway 
Virginia  Key 
Miami  49,  Florida 

1  Nestor  C.  L.  Granelli 
Department  of  Geology 
Columbia  University 
Palisades,  New  York 


2  Head,  Department  of  Ceeanography 
&  Meteofology 
Texas  ASM  College 
college  Station,  Te::as 

1  Director 

Scripps  Institution  of  dceanography 
La  Jolla,  California 

1  Allan  Hancock  Foundation 
University  Park 
Los  Angeles  7,  California 

1  Head,  Department  of  Ceeanography 
Cregon  State  University 
Corvallis,  cregon 

1  Department  of  Engineering 
University  of  California 
Berkeley,  California 

1  Director 

Arctic  Research  Laboratory 
Barrow,  Alaska 

1  Dr.  C.  I.  Beard 

Boeing  Scientific  Research  Laboratories 
P.  0.  Box  3931 
reattle  24,  /ashington 

1  Head,  Department  of  Oeeanography 
Univarsity  of  'Tashington 
Seattle  5,  Washington 

1  Geophysical  Institute  of  the 
university  of  Alaska 
College,  Alaska 

1  Director 

Bermuda  Biological  station 
for  Research 
St.  Georges,  Bermuda 

1  Department  of  Meteorology  &  Oceanography 
University  of  Hawaii 
Honolulu  14,  Hawaii 
Attn:  Dr.  H.  M.  Johnson 
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1  Technical  Informatldn  Center,  CU-201 
Lockheed  Missile  and  Space  division 
3251  Hanover  Street 
Pale  Alto,  California 

1  University  of  Pittsburgh 
Environmental  Sanitation 
Department  of  Public  Health  Practice 
Graduate  School  of  Public  Health 
Pittsburgh  13,  Pennsylvania 

1  Director 

Raxfaiian  Marine  Laboratory 
university  of  Hav;aii 
Honolulu,  Havaii 

1  Dr,  Fi  B.  Berger 

General  Precision  Laboratory 
Pleasantville,  Hew  York 

1  Hr,  j,  A.  Cast 
'/ildlife  Building 
Humboldt  State  College 
Areata,  California 

1  Department  of  Geodesy  &  Geephyslca 
Cambridge  University 
Cambridge,  England 

1  Applied  Physics  Laboratory 
University  of  ‘iashlngton 
1013  HE  Fortieth  Street 
Seattle  5,  shington 

1  Documents  Division  •  ml 

University  of  Illinois  Library 
Urbans,  Illinois 

1  Director 

Ocean  Research  Institute 
University  of  Tokyo 
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